Summary.-A new, highly differentiated line of cells derived from adenocarcinoma of the rectum (HT55) is described. This line is noteworthy for the following features:
1. The role played in its development by the use of UV-inactivated Sendai virus to attach tumour cell clumps to plastic bottles. 2. Evidence that it produces RNAcontaining material of density 1-5-1 16 g/ml. 3. Induction of bone formation in the stroma when grown in athymic mice. 4. Stimulation of primary CBA mouse embryo fibroblasts to form a transient nodule when mixed with them and injected into adult CBA mice. The karyotype and growth-cycle characteristics of the line are described.
IT is becoming apparent that, of all human tumours, the one that is most readily available, easiest to grow, and most retentive of highly differentiated characteristics when established as a cell line, is adenocarcinoma of the colon or rectum. For example, lines have been established and reported by Fogh and Trempe (1975) , Tompkins et al. (1974) , Drewinko et al. (1976) , and Tom et al. (1976) . The establishment of no fewer than 11 lines has been reported by Leibowitz et al. (1977) . The publication of yet another line therefore needs some justification. The line described in this paper differs from others in 4 main features: the use of UV-inactivated Sendai virus in its establishment, its release of RNA-containing material of density similar to that of C-type viruses, and its ability to stimulate the production of bone and the growth of mouse embryo fibroblasts in vivo.
MATERIALS AND AIETHODS
Cultutre medium. All cells were grown in Minimal Eagle's Medium supplemnented with 2000 fGetal calf serum and containing penicillin 100 ,ug/ml, streptomycin 100 ,ug/ml, kanamycin 100 lug/ml, fungizone 10 pug/ml and lincomycin 100 tg/rml. Plastic bottles. These were mainufactured by Falcon Plastics (U.S.A.).
KSeendai virus.-This was prepared and inactivated by UV light as described elsewhere (Watkins, 1971 Electron microscopy.-A cell monolayer was fixed in 2-5% gluteraldehyde in 01M phosphate buffer for 1 h, and post-fixed for 1 h in 1% osmium tetroxide. After dehydrating in a graded series of alcohol solutions, the monolayer was scored into about 1-cm squares. These were removed from the plastic tissue culture dish with propylene oxide. The monolayer squares were embedded in Epon and the sections stained with uranyl acetate and lead citrate (Reynolds, 1963) .
Stained sections were examined on a Philips EM 300.
Chromosome preparations. Cultures in plastic bottles were incubated for 4 h in Colcemid 1 jtg/ml. The cells were then trypsinized, swollen in 0-075M KCI for 15 min, fixed in 3: 1 methanol-acetic acid and dropped on to chilled, wet slides for spreading. The spreads were stained with Giemsa stain. Chromosome banding was carried out by Seabright's (1971) method.
Growth cycle studies.-Cultures about 50% confluent in plastic bottles were incubated in medium containing 1 ,ug/ml of Colcemid and 1 ,uCi/ml of [3H]thymidine-5 (Radiochemical Centre, Amersham). At hourly intervals a culture was trypsinized in 1 ml trypsin/EDTA. 0-2 ml of the suspension was deposited on a glass slide by centrifugation at 1500 rev/ min for 3 min in a Shandon Cytocentrifuge. The cells were fixed in methanol, extracted in cold 5% trichloracetic acid, dipped in Ilford K5 emulsion, dried and exposed for 24 h at 4°C. The slides were then developed in D19 developer (Ilford) and stained with Giemsa stain.
The percentages of cells in mitosis and labelled with tritium were determined for growth cycle analysis by the method of Puck and Steffen (1963) . For analysis of the growth cycle by the method of Okada (1967) , the growth rate of the cells was determined by daily counting of trypsinized suspensions of parallel cultures grown in plastic bottles.
Determination of carcinoembryonic antigen (CEA).-This was kindly carried out by Professor Munro Neville, of the Chester Beatty Institute, London, using the method described by Laurence et al. (1972) .
Animals.-CBA mice are maintained as an inbred strain in the Welsh National School of Medicine. The syngeneic nature of this strain was demonstrated by the fact that a mammary adenocarcinoma which appeared spontaneously in one of the mice has so far not failed to produce progressive tumours after s.c. injection into more than 30 randomly selected mice of the strain.
Athymic mice about 4 months old were obtained commercially from CarworthEurope, Alconbury, England.
Tests for relea8e of RNA-containing material.-Confluent cultures in 250-cm2 plastic bottles were incubated in the presence of 20 ,uCi/ml of [3H]uridine for 7 days at 37°C. Seven ml of medium was placed above 8 ml of 20% (w/w) sucrose in distilled water over a cushion of 1 ml 60% (w/w) sucrose in distilled water. After centrifugation for 3 h at 20,000 rev/min in an SW27 rotor in a Beckman ultracentrifuge, the supernatant was removed as far as the interface with the 60% sucrose cushion. This was diluted by the addition of 3 ml distilled water, and 2 ml of the solution was placed at the top of a stepwise sucrose density gradient of 2 ml each of 15%, 20%, 30 %, 40% and 60% (all w/w) sucrose in distilled water. After centrifugation for 3 h at 20,000 rev/min in an SW27 rotor, 1-ml fractions were collected from the top of the tube. The refractive index of each fraction was determined in an Abbe pattern refractometer. The samples were diluted by the addition of 3 ml distilled water and the diluted sample was mixed with 10 ml Instagel (Packard) in a scintillation vial. Radioactivity was determined in a Packard Scintillation Spectrometer.
RESULTS

Derivation of the line
A carcinoma of the rectum was removed surgically from a 54-year-old Caucasian woman. The histological report stated: " The tumour is an adenocarcinoma of moderate differentiation which has penetrated the muscle coat. The resection edges are free of tumour. Five of the 8 lymph nodes examined contain metastases. " (Fig. 1 
Growth pattern
In vitro the pattern of growth of the cells is characteristic (Fig. 4) No chromosomes resembling mouse chromosomes were seen in any spreads.
Electron microscopy EM sections of centrifuged pellets of HT55 cells showed that they were morphologically highly differentiated. " Goblet " cells were frequent (Fig. 5) and the endothelial nature of the cells was shown by the presence of desmosomes. Intracellular aggregations of mucous droplets were also common. Occasional bodies resembling secretory granules were present in some cells. Microvilli resembling brush borders were not seen on the external surfaces of any cells, which is in contrast to the findings of Tompkins et al. ( 1974) in two strains which they had developed. Microvilli were present, however, in goblet cells.
Growth cycle
There was close agreement between the results of the two methods used for estimation of the parameters of the growth cycle (Table) medium contained 54 ng/ml of CEA more than the control. Indirect fluorescence microscopy, carried out in this department with a commercially obtained rabbit antiserum against CEA, showed positive membrane fluorescence.
Tumour production in mice
Approximately 106 cells were injected s.c. into 2 athymic (nu/nu) mice. Thirtynine days later, nodular tumours about 1 cm in diameter were present at the sites of injection. One of the mice was killed and the tumour, which showed no evidence of infiltration of muscle, was removed. Half the tumour was examined histologically, and the other half was thoroughly minced with scalpel blades and placed in a plastic cell-culture bottle with 5 ml of medium, and incubated at 37°C. After a few days the adherent cells consisted entirely of fibroblasts and macrophages. Spherical clumps of cells resembling those obtained from the primary human tumour were floating in the medium, and showed no tendency to attach on continued incubation. However, when they were treated with UV-inactivated Sendai virus as described above, they attached rounded by a dense proliferation of fibroprimary CBA embryo fibroblasts s.c. into blasts (Fig. 8) centrifugation of the inedium in sucrose density gradients showed a sharp peak of radioactivity in the (lensity region 1-5-1-6 g/ml, and a slightly broader, but lower peak in the region 1-20/ml (Fig. 10) . Similar monolavers were preincubated iii medium containing 50 jig/ml of BUdR for 4 days, before incubation in mediumr conitaiining 20 /,Ci/ml of [3H]uridine. On equilibrium density centrifugation in sucrose density gradients, peaks at 1 5-1-6 g/ml and 1-20 g/ml were obtained after 4 and 7 days incubation. The peak of radioactivity at 1-5-1 6 g/ml at 7 days was greater than at 4 days, but smaller thani the peak obtained from cells which had not beeni preincubated in BUdR (Fig. 9 ). This result suggests that particles with the same buoyant density as C-type RNA viruses (1.5-1.6 g/ml) are being released by the cells. The nature of the material in the peak at 1-20 g/ml is not known.
DISCUSSION
The line described in this paper will be referred to as HT55 in any subsequent publications. It has maintained its highly differentiated characteristics through more than 120 generations of growth, and there is so far no sign of the appearance of undifferentiated derivatives.
The most noteworthy features of the growth cycle are the lengths of GI and S. The former may perhaps be attributed to the complexity of the macromolecular syntheses required to maintain the differentiated state. The long duration of S may be a general characteristic of adenocarcinoma of the large gut. Bleiberg and Galand (1976) reported S periods between 15 and 22 h in fresh gut-tumour material, compared with S periods between 9 and 16 h in adjacent healthy mucosa. In the normal differentiation of intestinal epithelium, DNA synthesis is repressed when the cells reach the upper part of the crypts (Lipkin and Deschner, 1976) . It may be that the long duration of S in the tumour indicates that the normal mechanism of repression is not totally inactive, but simply inefficient.
The mechanism by which Sendai virus caused attachment of tumour material is obscure. It may be related to the phenomenon reported by Knutton et al. (1976) The observation of bone formation in the stroma of this tumour growing in athymic mice is of great interest. Dukes (1939) reported bone formation in only 4 of over 1000 human adenocarcinomas of the colon and rectum. The stimulation of bone formation is therefore not a common characteristic of primary tumours of the gut. It will be of interest to see whether bone formation in athymic mice is a characteristic of other gut adenocarcinoma lines.
The stimulation of in vivo growth of mouse embryo fibroblasts by this tumour has two possible explanations. It may be due to the secretion of a fibroblast growthpromoting factor, or to the stimulation of host macrophages, which are known to produce factors stimulating fibroblast growth. A similar phenomenon has been reported by Lasfargues et al. (1972) , following s.c. injection into rats of cells of a human breast carcinoma line together with rat fibroblasts. These observations are clearly relevant to the problem of stroma formation in carcinoma.
Finally, the production by this line of RNA-containing material of the same buoyant density as C-type viruses should be commented upon. If present, a C-type virus could have arisen by infection with virus derived from the foetal calf serum in the medium, or from the SVCBAK cells, or by infection of the tumour in vivo, or by induction of an endogenous virus by the neoplastic change, or it could have some more direct relationship with the tumour.
Detailed scrutiny of a line of colon adenocarcinoma cells has therefore revealed several hitherto undescribed phenomena which are useful marker characteristics. These are under investigation.
